Introduction
============

Wilms\' tumor (WT) is the most-common type of pediatric renal tumor, constituting about 95% of all pediatric renal cancers [@B1] and 5% of pediatric cancers [@B2]. Although more than 90% of WT patients receiving the current multimodal therapy exhibit long-term survival [@B3], the prognosis of patients is still a major research focus because future better treatment prescriptions need to be based on knowledge of the prognosis risk of patients. Some prognostic factors---including age, tumor size [@B4]-[@B6], Surveillance, Epidemiology, and End Results (SEER) stage [@B7], and the number of examined lymph nodes (LNs) [@B8]---have been found to significantly affect survival. However, faced with these unconsolidated factors, none of studies incorporated them to accurately predict the prognosis of patients with WT. It is therefore necessary to integrate multiple prognostic factors into an easy-to-use predictive system to better stratify the prognosis of patients with WT.

A nomogram is a predictive tool that appears as a simple graph based on a statistical predictive model [@B9]. It can be used to calculate the probability of a clinical event by considering the prognostic weight of each factor. Nomograms have been widely used in recent years for predicting the survival in various cancers [@B9]. However, to the best of our knowledge, no nomograms for patients with WT have been reported.

This study aimed to incorporate some important factors obtained from analyzing data from the SEER database in the development and validation of a nomogram for predicting the cancer-specific survival (CSS) of patients with WT.

Materials and Methods
=====================

Patients and variables
----------------------

Patients with WT from the SEER database were analyzed from 1973 to 2015 using the SEER\*Stat software (version 8.3.5) [@B10]. Patients inclusion criteria: patients were diagnosed with WT (histological diagnostic code 8960 in the third edition of the International Classification of Diseases for Oncology). Patients exclusion criteria: (1) patient was diagnosed before 2002; (2) patients with overlapping data; (3) there are missing data in the following variables: age (year), sex, race, the number of examined LNs, SEER stage, tumor laterality, metastasis, radiation, chemotherapy, tumor size (millimeter, mm), follow-up time, and cause-specific death. According to the SEER database, in SEER stage, a localized tumor is defined as one "limited to the organ in which it began, without evidence of spread," a regional tumor has "spread beyond the primary site to nearby lymph nodes or organs and tissues", and a distant tumor has "spread from the primary site to distant organs or distant lymph nodes". This study was performed in accordance with Declaration of Helsinki and was approved by the institutional review board of the First Affiliated Hospital of Xi\'an Jiaotong University.

Statistical analysis
--------------------

The included patients were randomized into a training cohort and a validation cohort at a ratio of 7:3. Multivariate Cox regression analysis was performed to identify variables that significantly affect CSS. The model for the nomogram was constructed using the significant variables.

The nomogram was validated by measuring discrimination and calibration in both the training and validation cohorts. Discrimination was evaluated using the concordance index (C-index) [@B11] with a bootstrap approach involving 500 resamples and the area under the time-dependent receiver operating characteristic curve (AUC) [@B12],[@B13]. A C-index or AUC of 0.5 indicates a discrimination ability that is no better than chance, and one of 1.0 indicates a perfect discrimination ability [@B14]. The calibration curves were applied using a bootstrap approach with 500 resamples to compare the predicted CSS with the CSS observed in the study. The calibration curve is along the 45-degree line of the calibration plot in a perfect calibration model, which indicates that the predicted CSS probabilities are identical to the actual ones.

All statistical analyses were conducted using SPSS (version 24.0, SPSS, Chicago, IL, USA) and R software (version 3.4.3; <http://www.r-project.org/>). A P value of ≤0.05 was considered statistically significant.

Results
=======

Patient characteristics
-----------------------

The study included 1631 eligible patients with WT diagnosed between 2002 and 2015, and categorized 1141 into the training cohort and 490 into the validation cohort. In the total cohort, the median age was 3 years, the median number of examined LNs was 3, the median tumor size was 110 mm, and most of the patients were female (54%), white (76.8%), and had a tumor that was localized (44.8%), unilateral (93.5%), and without metastasis (79.2%). Almost half (45.9%) of the patients received radiation, and while 91.4% received chemotherapy. The characteristics in the training and validation cohorts were similar to those in the total cohort (Table [1](#T1){ref-type="table"}).

Nomogram construction
---------------------

Data on variables including age, sex, race, the number of examined LNs, SEER stage, tumor laterality, metastasis, radiation, chemotherapy, and tumor size were collected in the training cohort. In the multivariate analysis, age, the number of examined LNs, SEER stage, and tumor size were significantly associated with CSS (Table [2](#T2){ref-type="table"}), and so the model was constructed based on these four variables (Table [3](#T3){ref-type="table"}). This model for the training cohort was then used to construct a nomogram for predicting the 3-, 5-, and 10-year CSSs (Figure [1](#F1){ref-type="fig"}). Each variable is given a point on the nomogram, and the total point can be obtained by adding the scores. The total point corresponded to CSS probabilities which could be indicated by the nomograms.

Nomogram validation
-------------------

The C-index of the nomogram was 0.746 in the training cohort and 0.703 in the validation cohort. The 3-, 5-, and 10-year AUCs were 0.755, 0.749, and 0.724, respectively, in the training cohort (Figure [2](#F2){ref-type="fig"}A), and 0.718, 0.707, and 0.718 in the validation cohort (Figure [2](#F2){ref-type="fig"}B). These results indicated that the discrimination performance of the model was good in both the training and validation cohorts.

The calibration plots for the 3-, 5-, and 10-year CSSs indicated that there was good agreement between the actual observations and predictions made using the nomogram in both the training cohort (Figure [3](#F3){ref-type="fig"}) and the validation cohort (Figure [4](#F4){ref-type="fig"}).

Discussion
==========

WT is the most common primary renal malignancy occurring in childhood. Typically 4-7% of malignant tumors occur in children younger than 15 years, and 90% of renal tumors occurring in children are WT [@B15]. About 500 children are diagnosed with WT annually in the United States, most of whom are younger than 5 years. The treatment of WT is one of the great success stories in modern medicine, with the overall survival rate of patients exceeding 90%. Although this is a remarkable achievement, the about 25% of all patients with WT were at higher risk and their overall survival rates remain below 90%. Moreover, the patients at lower risk may experience overtreatment, including excessive radiotherapy and chemotherapy. Therefore, a tool for distinguishing patient risk that is better than simple tumor staging is needed, because it would enable clinicians to apply more-precise and appropriate therapy. Factors including patient age, tumor size [@B4]-[@B6], loss of heterozygosity (LOH) at chromosomes 1p and 16q [@B16]-[@B18], LN density [@B19], and the number of examined LNs [@B8] were recently found to significantly impact the survival of patients with WT. It is challenging to construct a model by combining the useful factors for improving predictions of the prognosis of patients with WT. In this study we developed and validated a nomogram for predicting the CSS of patients with WT by incorporating some important factors identified in a Cox proportional-hazards model.

The source of patients for constructing the nomogram was the SEER database of the United States National Cancer Institute. The annual incidence of WT in children under 15 years of age **is** between 0.051 and 0.095 per 10,000, so there will be too few cases to construct or validate a model if we rely only on the patients at up to several hospitals. In contrast, the SEER database includes 18 registries covering approximately 28% of the population in the United States [@B20], and is the largest registry of information on cancer in the United States. This means that utilizing the database should provide a sufficient number of WT cases.

We excluded patients diagnosed prior to 2002 since the latest clinical trial conducted by the National Wilms Tumor Study Group (called NWTSG-5) was reported on in 2001 [@B6]. The treatments or other circumstances before 2002 may differ from those at present. A nomogram constructed that includes patients before 2002 is therefore not suitable for predicting present patients. This study analyzed a total of 1631 patients.

We chose the following 8 factors to construct the nomogram: age, sex, race, the number of examined LNs, SEER stage, tumor laterality, metastasis, radiation, chemotherapy, and tumor size. A good nomogram should include the minimum number of factors required to ensure good discrimination and calibration, and so this study applied multivariate Cox regression analysis to choose the most-important factors impacting the CSS of patients with WT. The final factors incorporated in the nomogram were age, the number of examined LNs, SEER stage, and tumor size; these four factors are easy to measure during diagnosis and treatment. The constructed nomogram was validated and evaluated based on discrimination (C-index and AUC) and calibration. It is widely known that a model has a relative good discrimination if its C-index and AUC exceed 0.7 [@B21]-[@B23], and so the present results indicated that the nomogram we have constructed exhibits good discrimination and calibration. Clinicians can therefore use the nomogram to predict the CSS in WT patients based on the model employed.

It should be noted that there were several limitations in this study. First, some potentially important fact ors such as LOH at chromosomes 1p and 16q, the response to chemotherapy, and histology findings were not analyzed when constructing the nomogram because these factors are not available in the SEER database. Incorporating such important factors might further improve the discrimination and calibration of the model. Second, only "yes" or "no/unknown" information about radiotherapy and chemotherapy information can be obtained, rather than more-specific information such as the dose, type, and course of treatment. Third, only an internal validation of the nomogram was performed, and so the nomogram still needs to be externally validated using other populations with WT.

In summary, we have developed and validated a nomogram for predicting the CSS in patients with WT. To the best of our knowledge, this is the first nomogram for predicting the survival of WT patients. We have demonstrated that it shows good discrimination and calibration. This nomogram may be instructive to establish a better prediction model by considering some potentially important factors we cannot obtain in the SEER database and external validation.
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###### 

Patient characteristics in the study.

                                                              Total cohort   Training cohort   Validation cohort
  ----------------------------------------------------------- -------------- ----------------- -------------------
  Patients, n                                                 1631           1141              490
  Age (year), median (25th-75th percentile)                   3(1-5)         3(1-5)            3(1-5)
  Sex, n(%)                                                                                    
  Male                                                        750(46.0)      532(46.6)         218(44.5)
  Female                                                      881(54.0)      609(53.4)         272(55.5)
  Race, n(%)                                                                                   
  White                                                       1252(76.8)     872(76.4)         380(77.6)
  Black                                                       281(17.2)      201(17.6)         80(16.3)
  Other                                                       98(6.0)        68(6.0)           30(6.1)
  The number of examined LNs, median (25th-75th percentile)   3(1-7)         3(1-7)            3(1-7)
  SEER stage, n(%)                                                                             
  Localized                                                   730(44.8)      504(44.2)         226(46.1)
  Regional                                                    516(31.6)      361(31.6)         155(31.6)
  Distant                                                     385(23.6)      276(24.2)         109(22.2)
  Tumor laterality, n(%)                                                                       
  Unilateral                                                  1525(93.5)     1063(93.2)        462(94.3)
  Bilateral                                                   106(6.5)       78(6.8)           28(5.7)
  Metastasis, n(%)                                                                             
  Yes                                                         340(20.8)      245(21.5)         95(19.4)
  No                                                          1291(79.2)     896(78.5)         395(80.6)
  Radiation, n(%)                                                                              
  Yes                                                         748(45.9)      532(46.6)         216(44.1)
  No                                                          883(54.1)      609(53.4)         274(55.9)
  Chemotherapy, n(%)                                                                           
  Yes                                                         1490(91.4)     1047(91.8)        443(90.4)
  No                                                          141(8.6)       94(8.2)           47(9.6)
  Tumor size (mm), median (25th-75th percentile)              110(80-135)    105(76-134)       110(85-140)

###### 

Multivariate Cox regression analysis based on all variables (training cohort).

                               Hazard ratio (95%CI)     P value
  ---------------------------- ------------------------ ----------
  Age                          1.0349 (1.0091-1.061)    0.007780
  Sex                                                   
  Male                         Reference                
  Female                       1.0981 (0.6886-1.751)    0.694270
  Race                                                  
  White                        Reference                
  Black                        0.6533 (0.3328-1.283)    0.216111
  Other                        0.6365 (0.1546-2.620)    0.531408
  The number of examined LNs   0.9523 (0.9087-0.998)    0.040785
  SEER stage                                            
  Localized                    Reference                
  Regional                     4.1152 (1.8659-9.076)    0.000456
  Distant                      2.3683 (0.4872-11.512)   0.285211
  Tumor laterality                                      
  Unilateral                   Reference                
  Bilateral                    1.6834 (0.7425-3.817)    0.212384
  Metastasis                                            
  No                           Reference                
  Yes                          3.5143 (0.8294-14.890)   0.087995
  Radiation                                             
  Yes                          Reference                
  No                           0.8901 (0.5162-1.535)    0.675360
  Chemotherapy                                          
  Yes                          Reference                
  No                           2.4324 (0.9190-6.438)    0.073485
  Tumor size                   1.0033 (1.0000-1.006)    0.047171

###### 

The Cox proportional hazard regression model for nomogram based on age, the number of examined LNs, SEER stage, and tumor size.

                               Coefficient   Hazard ratio (95%CI)
  ---------------------------- ------------- ------------------------
  Age                          0.044653      1.0457 (1.0228-1.069)
  The number of examined LNs   -0.043743     0.9572 (0.9145-1.002)
  SEER stage                                 
  Localized                    Reference     Reference
  Regional                     1.315432      3.7264 (1.8289-7.592)
  Distant                      1.909331      6.7486 (3.4064-13.370)
  Tumor size                   0.002633      1.0026 (0.9993-1.006)
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